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Résumé en
français
In order to overcome biological barriers and improve the local delivery of drugs
for the treatment of solid tumours such as glioblastoma, the use of an innovative
medical injection device composed by microneedles array as been proposed by
MINT. This work will focus on the mathematical modelling of the drug transport
and diffusion in the region of interest.
Mathematically, the injection of a drug into the brain can be described by the
system of equations comprising the Biot equations - for displacements of the
elastic matrix and for the intraporous flow - and the Stokes equations - for fluid
flow inside the needle and in the gap between the wall and the poroelastic tissue.
These equations are coupled by Biot-Darcy interface conditions and a dynamic
contact condition at the triple line defined by the tissue, the fluid and the wall of a
needle.
We have developed a monolithic scheme using continuous finite elements to
discretise both the Biot and Stokes systems. The choice of finite elements space
and the implementation of the Biot-Stokes interface conditions allow us to avoid
stabilisation terms, unlike other approaches available in the recent literature[1].
The critical difficulty is the triple line treatment. Our modelling assumption is that
each point at the edge of the tissue-wall interface is either:
• attached to the wall, if the normal component of the force exerted on the wall by
the tissue is opposite to the normal outgoing wall,
• detached from the wall; in this case, the fluid is assumed to fill the created gap.
Numerically, unknowns are represented on two dynamic meshes: One for elastic
displacements and pressure in the tissue, the other for the fluid velocity. The
former evolves in time by moving the initial mesh nodes, the latter is
reconstructed at each time step to allow for geometric evolution of the fluid
domain.
This system allows us to model the crucial phenomena of “backflow”[2]: Under
specific conditions, the triple line may creep up the needle wall, exit the region of
interest and thus, would lead to an inefficiency of the locoregional drug delivery
in the brain.
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